A live line measurement method for the zero sequence parameters of transmission lines with mutual inductance is introduced. The mathematical models of the measurement method are given. Global Positioning System (GPS) is used as the synchronous signal for the measurement carried out at different substations simultaneously. The measurement system and digital simulation results are given. Finally, the live line measurement results of two 220 kV transmission lines with mutual inductance in Hainan grid are given. Results from both simulation and on-site measurement show that the live line measurement method is feasible, and its measurement accuracy can satisfactorily meet the requirements of engineering measurement.
Introduction
Accurate line parameters are the foundation of relay protection setting calculation, fault location, fault analysis, network loss and power flow calculation. With the increasment of transmission lines on the same towers, zero sequence parameters will affect the fault states and zero sequence currents of lines [1] - [4] .
The traditional methods have the formulas calculation method [5] and the outage measurement methods [6] - [7] . The zero sequence impedances of lines are affected by many factors, such as line alignment and ground resistance. The calculated values are unable to meet the requirement of relay protection setting calculation. For example, if we use the calculated values in the setting calculation, it will make the protection refusing action or mis-operation. So it is a great threat to the safe and stable operation of power system. According to the regulations, the zero sequence impedances of the overhead lines and cables should be obtained by actual measurement [8] .
The traditional measurement methods can only be used under the cases that all lines must be withdrawn from normal operation. Because the transmission lines are distributed components, the line length is over 1000 kilometers and the electromagnetic coupling between lines which cause the measurement of line parameters difficulty. To measure the zero sequence self inductance of a new line, because the new line has electromagnetic coupling with other live lines, the parameters of the new line cannot be measured independently with the traditional methods. We should withdraw all the lines from normal operation before measuring the zero sequence parameters. Obviously, it is not acceptable for power system. So the traditional measurement methods cannot satisfy the requirement of modern power system.
A new live line measurement method based on Global Positioning System (GPS) technology is introduced and has been successfully applied in the live line measurement of two 220 kV transmission lines with mutual inductance in Hainan power grid. The measurement results of the live line measurement method prove that it can meet the requirement of parameter measurement of transmission lines.
The Theory of the Live Line Measurement Method
The algebra equation sets of n transmission lines with mutual inductance can be described as follows, 1  1  11 12  1  1   21 22  2  2  2  2 1 2
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Where A is a ( 1) 2 p n n × + order matrix. The superscripts 1, 2, , p  of vectors I  are the independent measuring cases and the subscripts 1, 2, , n  of vectors I  are the serial number of n lines. Set
is an overdetermined algebraic equation, the least-square estimation algorithm is used to solve the unknown parameters LS Z ,
Equation (5) uses the impedance method to measure the zero sequence impedances of lines. It can calculate both the zero sequence parameters of the new lines and the zero sequence parameters of the original lines.
The zero sequence self impedance ii Z and the zero sequence mutual impedance ij Z can be calculated by the computer.
Hardware Structure of the Live Line Measurement System
The hardware structure of a live line measuring system based on GPS technology is shown in Figure 1 . The measurement system consists of several sections, such as the GPS receiver, input signal transformation channels, embedded DSP (Digital Signal Processor) card, double-port RAM (DRAM), Embedded PC card, control signal output and other man-machine interfaces. The central computer stores and processes the sampled data, calculates line parameters and outputs measurement results. 
Digital Simulation Results
According to the above method, the zero sequence parameters of two transmission lines with mutual inductance are simulated under the measurement cases for single-phase wire break, single-phase grounding, unbalanced load and external power source. 
An Example of Live Line Measurement
The schematic diagram of the two 220 kV transmission lines with mutual inductance in Hainan power grid is shown in Figure 2 . The length of two coupled 220 kV Yangluo I and Yangluo II lines is 47.8 km.
According to practical situation, the external voltage source is applied at 220 kV Luoji substation. Live line measurement equipments are put at Luoji substation and The control signal is generated by the measurement equipments, and it controls the air switch to supply zero sequence voltage. The measurement wire of two coupled lines is shown in Figure 4 . The zero sequence voltages and currents recorded by the measurement system are shown in Figure 5 to Figure  8 . 
The Analysis of Measurement Results
The traditional measurement method calculating 0 Z can be described by (6), The results of traditional method are shown in table 5  and table 6 . The model of two lines with mutual inductance is shown in Figure 9 . The voltammetry characteristic can be written as follows, 10 10 10 20 120
So when we measure the zero sequence self impedance of the line I, the zero sequence current of line II which influences the zero sequence voltage of line I should be taken into account. The traditional method ignores the influence of line II, so there are theoretical mistakes in (9). 10 10 10
Then, 10 10 10
From （7）, we can get, 10 10 12 20 10 10 10
In fact, it indicates that when the current of line I reaches 100 A and the current of line II reaches 47 A, 12 20 Z I  can't be ignored. So the error of zero sequence self impedance measured by traditional method is great. In this measurement, the error has reached above 30%.
Measure the zero sequence voltages and zero sequence currents of all transmission lines, then calculate (1) and obtain zero sequence self impedance and zero sequence mutual impedance. The live line measurement method not only has high precision, but also is accurate and reliable. The measurement results of zero sequence parameters are shown in table III, it shows that the average measurement error of zero sequence mutual impedance is about 5.5% and zero sequence self impedance is about 2%.
It shows that there are still certain difference between theoretical values and measurement values. It is well known that the computation formulate for zero sequence parameters are derived from Carson formula. The traditional method needs the resistance of earth, the equivalent depth of wires, the length of lines and the arrangement of wires. But it is difficult to get the resistance of earth and the equivalent depth of wires. So the theoretical values are only used as reference, they cannot be used as accurate parameters.
In the case of disturbing, in order to obtain the accurate parameters of zero sequence self impedance, the zero sequence self impedance and the zero sequence mutual impedance should be measured at the same time.
Conclusion
The field live line measuring results have proven that the live line measurement method is correct and the measurement system can meet the requirement of measurement. In addition, in order to eliminate the interference of lines, using the live line measurement method to calculate the zero sequence self impedance parameters and the zero sequence mutual impedance parameters simultaneously can improve the accuracy of the measurement results.
